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Bone level changes at implants supporting crowns or fixed
partial dentures with or without  cantilevers
Abstract
OBJECTIVE: The aim of this study was to analyze whether or not a cantilever extension on a fixed
dental prosthesis (FDP) supported by implants increased the amount of peri-implant bone loss or
technical complications compared with reconstructions without cantilevers. MATERIALS AND
METHODS: Fifty-four partially dentate patients with a total of 54 FDPs supported by 78 implants were
enrolled in the study. Twenty-seven FDPs were with cantilever and 27 FDPs were without cantilever
(control group). All FDPs were supported by one or two implants and were located in the posterior
maxilla or mandible. The primary outcome variable was change in peri-implant marginal bone level
from the time of FDP placement to the last follow-up visit. FDPs were under functional loading for a
period of 3 up to 12.7 years. Statistical analysis was carried out with Student's t-test. Regression
analyses were carried out to evaluate the influence of confounding factors on the peri-implant bone level
change. In addition, implant survival rates were calculated and technical complications assessed.
RESULTS: After a mean observation period of 5.3 years, the mean peri-implant bone loss for the FDPs
with cantilevers was 0.23 mm (SD+/-0.63 mm) and 0.09 mm (SD+/-0.43 mm) for FDPs without
cantilever. Concerning the bone level change at implants supporting FDPs with or without cantilevers
no statistically significant differences were found. The regression analysis revealed that jaw of implant
placement had a statistically significant influence on peri-implant bone loss. When the bone loss in the
cantilever group and the control group were compared within the maxilla or mandible separately, no
statistically significant difference was found. Implant survival rates reached 95.7% for implants
supporting cantilever prostheses and 96.9% for implants of the control group. Five FDPs in the
cantilever group showed minor technical complications, none were observed in the control group.
CONCLUSION: Within the limitations of this study it was concluded that cantilever on FDPs did not
lead to a higher implant failure rate and did not lead to more bone loss around supporting implants
compared with implants supporting conventional FDPs. In contrast to these results more technical
complications were observed in the group reconstructed with cantilever.
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Abstract 
Objective: The aim of this study was to analyze whether or not a cantilever 
extension on a fixed dental prosthesis supported by implants increased the amount of 
peri-implant bone loss or technical complications compared to reconstructions without 
cantilevers. 
Material and Methods: 54 partially dentate patients with a total of 54 FDPs 
supported by 78 implants were enrolled in the study. 27 FDPs were with cantilever and 
27 FDPs were without cantilever (control group). All FDPs were supported by one or 
two implants and were located in the posterior maxilla or mandible. The primary 
outcome variable was change in peri-implant marginal bone level from the time of FDP 
placement to the last follow up visit. FDPs were under functional loading for a period 
of 3.0 up to 12.7 years. Statistical analysis was carried out with Student’s t-test. 
Regression analyses were done to evaluate the influence of confounding factors on the 
peri-implant bone level change. In addition, implant survival rates were calculated and 
technical complications assessed. 
Results: After a mean observation period of 5.3 years, the mean peri-implant 
bone loss for the FDPs with cantilevers was 0.23 mm (SD ± 0.63 mm) and 0.09 mm 
(SD ± 0.43 mm) for FDPs without cantilever. Concerning the bone level change at 
implants supporting FDPs with or without cantilevers no statistically significant 
differences were found. The regression analysis revealed that jaw of implant placement 
had a statistically significant influence on peri-implant bone loss. When the bone loss 
in the cantilever group and the control group were compared within the maxilla or 
mandible separately, no statistically significant difference was found. Implant survival 
rates reached 95.7% for implants supporting cantilever prostheses and 96.9% for 
implants of the control group. Five FDPs in the cantilever group showed minor 
technical complications, none were observed in the control group. 
Conclusion: Within the limitations of this study it was concluded that cantilever 
on FDPs did not lead to a higher implant failure rate and did not lead to more bone loss 
around supporting implants compared to implants supporting conventional FDPs. In 
contrast to these results more technical complications were observed in the group 
reconstructed with cantilever. 
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Introduction 
In the treatment of multiple tooth gaps in partially dentate patients implant borne 
reconstructions are normally designed in such a way that abutments are located at both 
ends of the fixed dental prosthesis. One possible option to this concept is the 
incorporation of cantilever fixed dental prostheses borne on implants. In the early days 
of osseointegrated implants, patients with edentulous mandibles were frequently treated 
with reconstructions fixed on implants placed between the mental foramen applying 
bilateral distal cantilevers. This treatment modality has demonstrated high long-term 
success rates (Naert et al. 1992). 
In partially dentate patients and in cases of unfavorable local conditions of the 
residual ridge exhibiting bone deficits — such as horizontal or vertical bone defects or 
limiting anatomical structures, especially expanded maxillary sinuses — two options 
for treatment may be considered: guided bone regeneration or rehabilitation of the 
partially edentulous site with fixed prostheses with cantilever extensions. 
On one hand, bone augmentation procedures present higher risk for biological 
complications due to bone harvesting or grafting, difficult surgical techniques, longer 
healing time, and are more expensive. On the other hand, implant-supported cantilever 
prostheses allow a simpler rehabilitation procedure (Rodriguez et al. 1994; Shackleton 
et al. 1994; Romeo et al. 2003; Wennström et al. 2004). Implant-supported cantilever 
prostheses offer, therefore, a fixed reconstruction to patients who refuse extensive 
surgical procedures and who have limited funds. 
The incorporation of cantilever extensions in implant-supported fixed partial 
dentures may result in higher magnitude of load stress concentrations at the implant 
sites (Rangert et al. 1995). In this context it was observed that the enhanced stress 
occurred mainly at the bone crest adjacent to the surface of the implant that was facing 
the cantilever extension and was dependent on the cantilever length. (Rodriguez et al. 
1993). A number of in vitro studies, including finite element analyses, have reported 
stress concentrations to occur in the marginal peri-implant bone after lateral or oblique 
load application (White et al. 1994; Sertgöz & Guvener 1996; Barbier et al. 1998; 
Stegaroiu et al. 1998; Akça & Iplikçioglu 2002).  
Clinical studies have indicated that peri-implant bone loss may be associated 
with infection or overload (Isidor et al. 1996; Berglundh et al. 2004; Zitzmann et al. 
2004; Sennerby et al. 2005; Myiata et al. 2000). The reaction of the peri-implant bone 
to mechanical load has been studied in various animal experiments. Severeal studies 
failed to demonstrate marginal bone resorption induced by static load (Gotfredsen et al. 
2001) or occlusal load (Ogiso et al. 1994; Barbier & Schepers 1997; Miyata et al. 1998, 
2002). Even after 8 month excessive occlusal load of implants did not result in loss of 
osseointegration or marginal bone, when compared with non loaded implants. (Heitz-
Mayfield et al. 2004). In only one study using a monkey model it was demonstrated 
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that excessive occlusal load in a lateral direction caused implant failure in 5 out of 8 
implants during an 18-month period (Isidor 1996, 1997). The implant failures were 
explained as fatigue microfractures in the bone exceeding the repair potential of the 
bone. 
Few human studies have been performed to determine the potential influence of 
cantilever extensions on the peri-implant bone stability (Quirynen et al. 1992). In full-
arch reconstructions neither implant location nor cantilever length were associated with 
a difference in marginal bone loss (Naert et al. 1992). Additional studies were 
conducted to test whether occlusal load on the cantilever extension influences 
prostheses or implant survival rate in an FDP supported by few implants (Romeo et al. 
2003). An overall cumulative implant survival rate of 97% and a prostheses success 
rate of 98% were observed after 1 to 7 years of loading. FDPs without cantilevers were 
not included in that study. Nevertheless, investigators concluded that these medium 
term results were similar to those of traditional implant supported FDPs. Another 
prospective study evaluated the implant survival rate (mean follow up period 3.85 
years) for implants supporting different types of prostheses (Romeo et al. 2004). FDPs 
with or without cantilever extensions showed similar results. Another controlled 
clinical study did not find a statistically significant difference in peri-implant bone 
level change between implants supporting FDPs with or without cantilever units after 
an observation period of 5 years. (Wennström et al. 2004). 
The aim of this study was to analyze whether a cantilever extension on a fixed 
partial denture supported by one or two implants increased the amount of peri-implant 
bone loss. Another purpose was to assess whether or not reconstructions with cantilever 
extensions increase the incidence of technical complications. 
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Material and Methods 
For the present study patients were taken from the patient pool treated in a 
private dental practice between October 1990 and December 2000. All patients were 
selected, who had implant-supported fixed partial prostheses or single crowns in the 
posterior mandible or maxilla. The FDP had to be under functional loading for a period 
of 3 or more years. These were 54 patients (21 men and 33 women with an age of 24 to 
83 years) and a total of 78 inserted dental implants. In cases, were more than one FDP 
was eligible for the study, the one exhibiting the longest period of function was chosen. 
When two reconstructions had been inserted at the same time, the selection was done 
by flipping a coin. 
Cantilever group (test): 27 patients with reconstructions including cantilever 
extensions at premolar or molar positions made up the cantilever group. Eight FDPs 
were supported by one dental implant and 19 FDPs by two implants. Twelve extensions 
were mesially and 15 were distally attached to the denture (Table 1a). 13 FDPs with a 
total of 22 implants and 14 FDPs on 24 implants were located in the maxilla and the 
mandible, respectively. 
Control (non-cantilever) group: 27 patients treated with implant supported single 
crowns or FDPs placed in the premolar or molar region served as controls. The same 
dentist treated them during the same time period. 22 of them were reconstructed with 
single crowns and 5 with FDPs placed on two implants (Table 1b). Nine single crowns 
on one implant were located in the maxilla and 18 FDPs on 23 implants in the 
mandible. 
All treatments were carried out by an experienced dental specialist. The implants 
(Institut Straumann AG, Dental Implant System, Basel, Switzerland) used were solid-
screws, hollow-screws or hollow-cylinders. 58 implants were solid-screws with a 
diameter of 3.3 mm, 4.1 mm or 4.8 mm with lengths ranging from 6 to 12 mm. 19 
hollow-screws with a diameter of 4.1 mm and a length between 8 mm and 12 mm were 
inserted. Only one hollow-cylinder implant with a diameter of 3.5 mm and a length of 
12 mm had been placed to support an included FDP. All implants used exhibited a 
regular neck configuration (only one wide neck implant) and 2.8 mm of machined 
surface (Table 1a and b). 
Bone augmentation procedure was performed in one patient only using 
deporteinized bovine bone mineral (Bio-Oss®, Geistlich Pharma AG, Biomaterials, 
Wohlhusen, Switzerland) and a poly-lactic acid membrane (Guidor® Matrix Barrier, 
Guidor AB, Huddinge, Sweden). 
In all cases standard solid abutments of various lengths were mounted onto the 
implants. FDPs and crowns were cemented either with zinc-phosphate cement or with 
glass-ionomer cement six or more weeks (on average 183 days) after implant 
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placement. All frameworks were fabricated out of gold alloy and fused with porcelain. 
All FDPs and single crowns in this study had natural teeth or FDPs on natural teeth as 
antagonists. 
Patients were seen for follow-up periods ranging from 3.0 to 12.7 years and 
participated in an individually designed supportive care program. Recalls took place 
ranging from one to four times per year. 9 of the test subjects and 3 of the control 
subjects were smokers. Parafunctions such as clenching or bruxing were only detected 
in two men, one in each group. 
Clinical and radiographic examinations 
Radiographs of all implant sites were taken at the time of insertion of the FDP 
(baseline) and at follow-up examination. Radiographs were taken applying the long-
cone technique (Updegrave 1981). Subsequently, the films were digitalized with a 
precision of 1200 dpi. The location of the marginal bone level in relation to the implant 
shoulder was assessed at the mesial and the distal aspects by using a software program 
(Canvas™Version 9, ACD Systems, British Columbia, Canada) (Fig.1). Two examiners 
performed the measurements. In cases of discrepancy between the two measurements 
the site was viewed again and the values were discussed until an agreement could be 
found. The bone level changes were calculated based on the baseline and the follow-up 
measurements.  
The FDPs and the implants were clinically assessed for biological and technical 
complications. Biologically bleeding on probing was evaluated, implant mobility was 
tested by the use of finger pressure and the patients were asked for subjective 
symptoms. Technical failures such as porcelain chipping, loss of retention or fracture of 
FDP were evaluated. 
Data analysis: 
The primary outcome variable was the change of the peri-implant marginal bone 
level from the time of FDP placement to the last follow-up examination. This 
comparison between the groups with and without cantilever units was done at three 
different levels based on the reconstruction as statistical unit. 
• At the FDP level data from all implants supporting the FDPs were statistically 
analyzed. When there were two implants supporting one FDP, the average bone 
level change at the two implants was calculated. The reconstruction remained the 
statistical unit.  
• At the implant level only data from the implant adjacent to the cantilever unit in 
the cantilever group and from one implant in the control group were included. 
When an FDP in the control group was supported by two implants, one implant 
was randomly selected. 
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• At the surface level bone level change at the implant closest to the cantilever unit 
was assessed. Bone level change for the surface adjacent and distant to the 
cantilever was statistically compared. 
For describing bone level changes mean values and standard deviations were 
calculated. Statistical analysis was performed by the use of the unpaired t-test to 
compare the mean bone level change on the FDP and the implant level. Paired t-test 
was used to compare the bone level change on the surface level. Univariate and 
multivariate regression analyses were utilized to evaluate the potential of various 
confounding factors on the peri-implant bone level change. As independent variables 
patient characteristics were included such as age, gender, smoking habits, general 
medical conditions and parafunctions. In addition, FDP characteristics were analyzed 
such as with or without cantilever extension, length of the observation period, mandible 
or maxilla, implant type (hollow cylinder, hollow screw, solid screw with diameters of 
3.3, 4.1 or 4.8 mm) and length. 
In all analyses a p-value of < 0.05 was considered as statistically significant. 
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Results 
54 FDPs, 27 in each group, supported by 78 dental implants were included in the 
study.  
The cantilever group included 27 FDPs on 46 implants. The mean observation 
period was 5.0 years (Fig. 2a and b). One FDP on 2 implants could not be assessed 
because the patient passed away. Another 2 FDPs were not available for radiographic 
assessment because one implant of each FDP had fractured before the follow-up 
examination. One had fractured after 2.5 and the other one after 3.8 years of function. 
Both had a diameter of 3.3 mm. 
The control group included 27 FDPs on 32 implants. The mean observation 
period amounted to 5.6 years. One single crown reconstruction was not available for 
analysis because this person had moved. One hollow-screw implant had broken and 
was explanted after 3.4 years. 
Provided one considers 1 mm of difference in marginal bone level change 
between the groups as clinically relevant after a mean observation period of 5.3 years, a 
post hoc power analysis based on assessed differences between the groups and 
variances in the samples 17 patients in each group were required to demonstrate a 
statistically significant difference at a power of 95%. The present study included 24 test 
and 25 control patients (with implants available for radiographic assessment and hence 
included in the statistical analysis of change in bone level) and was, therefore, well 
above the critical number of patients. 
Change in bone level 
A total of 71 implants were available for radiographic assessment and therefore 
were included in the statistical analysis of change in bone level. 
On the FDP level (all implants included) the mean reduction of the peri-implant 
bone level for implants in the cantilever group amounted to 0.23 mm (± 0.63) and for 
implants in the control group it measured 0.09 mm (± 0.43). No statistically significant 
difference was found between the groups. 
When the comparison was performed at the implant level (implants adjacent to 
the cantilevers and the randomly selected implants of the control group) the mean 
change in bone level in the cantilever group was 0.23 mm (± 0.71) and in the control 
group it amounted to 0.05 mm (± 0.45). The cantilever extension did not significantly 
influence the change in bone level around the implant adjacent to the cantilever 
extension (Fig 3). 
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At the surface level change in bone level at the implant closest to the cantilever 
unit was analyzed. Change in bone level for the surface adjacent or distant to the 
cantilever amounted to 0.14 mm (± 0.66) and 0.29 mm (± 0.90), respectively. No 
statistically significant difference was detected. 
Furthermore, descriptive comparisons of change in bone levels were performed 
in subgroups. 
• The mean change in bone level at single implants reconstructed with one crown 
and one cantilever unit reached 0.12 mm (± 0.58). The corresponding value for an 
implant reconstructed with a single crown only was 0.12 mm (± 0.47). 
• The mean change in bone level at implants closest to the cantilever extensions of 
FDPs supported by two implants was 0.27 mm (± 0.77), whereas this value 
reached 0.12 mm (± 0.58) for implants of FDPs with cantilevers supported by one 
implant only. 
• At FDPs with cantilevers supported by two implants the mean change in bone 
level at implants adjacent and distant to the cantilever extensions measured 0.27 
mm (± 0.77) and 0.28 mm (± 0.75), respectively. 
Numbers of samples in these subgroups was too small for statistical analysis. 
Potential of confounding factors 
The univariate and multivariate regression analyses with patient and FDP 
characteristics as independent variables did show a statistical significance between 
mandible and maxilla with respect to peri-implant change in bone level both at the FDP 
and the implant level. The mean marginal change in bone level at implants in the 
maxilla measured 0.33 mm (± 0.63) and at implants in the mandible amounted to -0.04 
mm (± 0.27). When peri-implant change in bone level of both groups was compared 
within the maxilla or the mandible separately, two-way ANOVA did not demonstrate a 
statistically significant difference between the two groups.  
Survival rates and complications 
The 5.3 years mean follow-up showed these indexes: 
• The implant survival rate reached 95.7% in cantilever group and 96.9% in the 
control group. Two implants of the cantilever group (4.3%) and one of the control 
group (3.1%) had fractured (Table 2). 
• Biological complications occurred in one implant in the cantilever group and 3 in 
the control group. These implants were affected by peri-implantitis. 
• Prosthesis survival reached 88.9% for FDPs with cantilevers and 96.3% for FDPs 
without. Two and one FDP in the cantilever and in the control group respectively, 
failed because of the above-mentioned implant fractures. One suprastructure in the 
cantilever group had to be remade (Table 3). 
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• Technical complications in the cantilever group included minor porcelain chipping 
at 4 FDPs, which could be polished, and the need for recementation of one FDP. 
No technical complications were observed in the control group. 
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Discussion 
The present study demonstrated cantilever extensions on FDPs neither to lead to 
a higher implant failure rate nor to more bone loss. Both, the bivariate and the 
multivariate analyses on FDP and on implant levels did not show a statistical 
significance between the peri-implant bone loss at implants supporting FDPs with or 
without cantilever units. In contrast to the biological parameters, which showed no 
difference, more technical complications were observed in the cantilever group. 
The implant survival rates in the cantilever group and the control group reached 
95.7% and 96.9% respectively. Previous studies dealing with implant-supported 
prostheses without cantilevers in partially edentulous arches showed a similar overall 
survival rate for implants of 97.2% at 5 years of function (Jemt & Lekholm 1993). 
Recently published studies on implant-supported FDPs with cantilevers have reported 
similar implant survival rates as the present study (Romeo et al. 2004, Wennström et al. 
2004). In one of these studies cumulative implant survival rates amounting to 94.4% 
for FDPs with and to 96.1% for FDPs without cantilevers were reported after a mean 
follow-up period of 3.85 years (Romeo et al. 2004). The investigators concluded that 
these results supported the reliability of suitably fabricated cantilever prostheses on 
implants. In the other study comparing FDPs with and without cantilevers 51 patients 
were included with a total of 56 FDPs supported by one piece implants (Wennström et 
al. 2004). A total of three implants failed, two supporting an FDP with cantilever and 
one supporting a conventional FDP. No survival rates were reported. In the study at 
hand two implants from the cantilever group and 1 implant from the control group 
fractured. Both fractured implants supporting FDPs with cantilever extensions had a 
diameter of 3.3 mm. According to the manufacturer’s instructions these diameter 
reduced implants were not designed to support FDPs with cantilever extensions. The 
implant, which supported a non-cantilever reconstruction, was a hollow screw implant 
and fractured after several episodes of treatments for peri-implantitis. Likewise, 
fractures of two implants with a diameter of 3.3 mm supporting cantilever-FDPs were 
observed in a recently published long-term study on dental implants of the same make 
(Romeo et al. 2004). These data indicate that on the one hand implants with a diameter 
of 3.3 mm are at higher risk for fractures when supporting cantilever-FDPs than regular 
diameter implants. On the other hand, when the 3.3 mm and hollow cylinder implants 
are excluded from the analysis no implant failures occurred in either of the two groups. 
In the present study technical complications were found in the cantilever (18.5%) 
group only. Five incidences of technical complications were recorded in the test group. 
Four minor porcelain chippings occurred in FDPs with a cantilever supported by two 
implants. One fracture of luting cement appeared in an FDPs with a cantilever 
supported by one implant only. This incidence of technical complications is within the 
magnitude presented in a systematic review (24% of patients showed technical 
complications at implant supported FDPs during a 5-year observation period) 
 11 
(Berglundh et al. 2002) and a 5-year follow-up study of 40 implant supported FDPs 
(technical complications in 20.4% of all implants) (Brägger et al. 2001). From these 
data it becomes obvious that technical complications do not necessarily jeopardize 
longevity of implant reconstructions with cantilevers but that they are the reason for the 
need of maintenance care during implant and FDP function. In a cohort study 35 
patients received 60 FDPs with cantilevers supported by two or more implants and 
were monitored for up to 10 years (Becker et al. 2004). One screw became loose and 
two prostheses needed to be recemented. Hence, maximum attention should be directed 
towards appropriate design and fabrication of the suprastructure and towards optimal 
adjustment of the occlusion with the aim to further reduce the technical complications. 
Different studies using finite element analysis on FDPs with cantilever 
extensions showed higher stress at implants adjacent to cantilevers compared to 
implants distant to cantilevers. Highest stress values were found in the cortical bone at 
the surface of the implant facing towards the cantilever (Akça & Iplikçioglu 2002, 
Stegaroiu et al. 1998). In the present study the mean bone loss at implants adjacent and 
distant to the cantilever extensions in FDPs supported by two implants was the same 
(0.27 mm and 0.28 mm, respectively). From these results it becomes apparent that the 
higher stress level of the implants with the cantilevers was still within the load bearing 
capacity of the surrounding bone. In a recent animal study implants supporting 
reconstructions with and without cantilevers were incorporated in the mandibles of 
dogs. Histological analyses of the bone reactions correlated well with the load 
distributions found in the corresponding finite element model in a way that high stress 
coincided with high levels of bone apposition. It was concluded that the highest bone 
remodeling events coincided with the regions of highest equivalent stress (Barbier et al. 
1998). 
Previous finite element analysis demonstrated higher stress for implant surfaces 
adjacent compared to surfaces distant to cantilevers (White 1994, Sertgöz 1996). In the 
present study, bone loss at the implant next to the cantilever unit was also assessed for 
the two surfaces separately. The values amounted to 0.14 mm for the surface adjacent 
and to 0.29 mm for the surface distant to the cantilever. Hence, the higher level of 
stress at the surface facing the cantilever was obviously below the threshold for 
detrimental stress levels. As shown in recent dog studies such stress may lead to bone 
remodeling and thickening (Barbier et al. 1998, Ogiso et al. 1994) and, therefore, may 
explain the higher crestal bone levels found at the implant surface facing the cantilever 
in the present study. 
When looking at the single implants no difference in bone loss was observed at 
either implants with or without cantilevers or at surfaces adjacent or distant to the 
cantilevers. Comparing single implants with cantilevers to two implants with 
cantilevers the mean bone loss at implants closest to the cantilever extensions in FDPs 
supported by one implant was slightly smaller than in FDPs supported by two implants 
(0.12 mm and 0.27 mm, respectively). 
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Univariate and multivariate regression analyses demonstrated only the jaw of 
implant placement to show a statistically significant influence on bone loss. Bone loss 
was more pronounced in the maxilla (0.33 mm) compared to the mandible (-0.4 mm). 
This difference between the maxilla and the mandible is in agreement with findings of 
previous clinical studies (Jemt & Lekholm 1993, Naert et al. 2001, Wennström et al. 
2004). No statistically significant difference between the cantilever group and the non-
cantilever group could be detected, when bone loss was compared within the maxilla or 
the mandible separately. 
The overall crestal bone loss was very small in both groups (cantilever: 0.23 mm; 
control 0.09 mm). The mean values in both groups were well below accepted levels of 
bone loss for implants at 5 years of function (Albrektsson et al. 1986). Similar values 
were found in a comparable retrospective study on bone level changes around implants 
supporting FDPs with or without cantilevers (Wennström et al. 2004). The mean 
longitudinal bone loss that had occurred at all implants amounted to 0.49 mm in the 
cantilever and to 0.38 mm in the control group. Based on these findings it may be 
questioned, whether or not cantilevers designed like the ones in these two clinical 
studies will allow generating occlusal forces sufficient for overloading the peri-implant 
bone. The majority of experimental studies evaluating the possibility of naturally or 
experimentally occurring intra-orally generated forces on osseointegrated implants fail 
to demonstrate overload of supporting bone. 
To date, it is not known, what magnitude of force is necessary in a given clinical 
environment to destroy an established osseointegration. Several experiments in animals 
have addressed this question. Generally speaking, most investigators were unable to 
destroy the osseointegration of the implants bearing the experimental loads. Thus, in a 
monkey study an implant occluding with three connected molars with increased 
occlusal heights was used to investigate the functional loading capacity of the peri-
implant bone (Ogiso et al. 1994). Clinically the implant was able to bear the loading 
forces and histological analyses revealed remodeling and thickening of the peri-implant 
bone. In another study in dogs implants were subjected to “excessive load” induced by 
the incorporation of a reconstruction in a “hyper-contact” with an increased vertical 
dimension of ≥ 3mm. After an observation period of 8 month, neither clinical, nor 
radiological, nor histological differences between non-loaded and loaded implants were 
observed (Heitz-Mayfield et al. 2004). Another study in monkeys suggested that the 
threshold of “hyper-contacts” leading to excessive load is approximately 180 μm. 
“Hyper-contacts” below this threshold did not lead to destruction of peri-implant bone, 
whereas “hyper-contacts” beyond this level led to peri-implant tissue breakdown 
assessed radiologically and histologically (Miyata et al. 2000). Excessive non-axial 
load generated by prostheses, which caused lateral displacement of the mandible during 
occlusion, led to loss of an already established osseointegration in 5 of 8 implants 
placed in monkey mandibles (Isidor 1996). 
In conclusion, within the limitations of the present study it was shown that 
cantilever extensions on FDPs did not lead to a higher implant failure rate and did not 
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lead to more bone loss around supporting implants compared to implants supporting 
conventional FDPs. Therefore, inclusion of a cantilever extension had no negative 
influence on the long-term prognosis for supporting implants. In contrast to these 
results more technical complications, mostly minor ones, were observed in the group 
reconstructed with FDPs with cantilever units. FDPs with cantilever extensions are a 
suitable solution for providing patients with more chewing units than implants. 
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Figures and Tables 
 
 
 
Fig. 1. X-ray of FDP with distal cantilever extension. A software program was used to 
mark bone level and implant shoulder and to measure the distance between them (a and 
b). The known distance between three threads was used for calibration (c). 
 
 
 
 
 
 
 
 
Fig. 2a and b. X-ray of FDP with distal cantilever extension supported by implants with 
a diameter of 4.1 mm and 3.3 mm at insertion of FDP (baseline) and after 4.6 years of 
functional loading (last control). 
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Fig. 3. Box plot with whiskers for mean marginal peri-implant bone level change for 
implants in the control and the cantilever group (implants adjacent to the cantilevers 
and randomly selected implants in the control group only). 
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Reconstruction Follow-up visit
Subject Age Gender Smoker Para function
Impl
Position
Diameter 
mm
Length 
mm
Impl
Position
Diameter 
mm
Length 
mm Design FDP
Observation 
Periode Days
1 61 f yes no 36 4.1 12 x-36 1015
2 70 m no no 15 3.3 8 15-x 1070
3 61 f no no 24 4.1 12 24-x 1139
4 47 f yes no 46 4.1 10 x-46 1156
5 63 m yes no 36 4.1 10 36-x 1221
6 62 m yes no 16 4.1 10 16-x 1695
7 45 m no no 26 4.1 12 x-26 1880
8 54 m yes no 36 4.1 10 36-x 1923
9 69 m no no 37 3.3 10 36 3.3 10 36-37-x 658
10 69 m no no 47 3.3 10 46 3.3 12 46-47-x 798
11 63 m yes no 36 4.1 10 37 4.1 10 x-36-37 1105
12 67 f no no 36 4.1 10 35 4.1 10 35-x-36-x 1253
13 62 f no no 36 4.1 8 37 4.1 6 x-36-37 1268
14 56 m yes no 35 3.3 10 36 4.1 10 x-35-36 1401
15 61 f no no 14 3.3 10 13 3.3 12 13-14-x 1522
16 75 f no no 15 4.1 6 14 3.3 12 14-15-x 1673
17 65 m no no 25 3.3 10 24 4.1 12 24-25-x 1702
18 60 m no yes 24 3.3 10 23 3.3 12 23-24-x-x 1703
19 61 f no no 45 3.3 12 47 3.3 10 x-45-46 1758
20 83 f no no 46 3.3 10 47 3.3 8 x-46-47 1781
21 54 f no no 25 4.1 12 26 4.1 10 x-25-26 2005
22 58 f yes no 25 3.3 12 26 3.3 10 x-25-x-26 2045
23 44 f no no 15 4.1 10 14 4.1 12 14-15-x 2116
24 81 m no no 45 hs 12 46 hs 10 x-45-46 3545
25 60 f no no 15 4.1 6 14 hc 12 14-15-x 3683
26 62 f yes no 15 hs 10 14 hs 12 14-15-x 4102
27 59 f no no 46 hs 10 47 hs 10 x-46-47 4636
f = female, m = male, hc = hollow cylinder, hs = hollow screw, ŅxÓ represents cantilever, Ņ-Ņ indicates connector between two crowns
Impl adjacent to extension
Table 1a. Cantilever Group: Patient and implant characteristics as well as type of reconstruction and length of observation period
ImplantPatient
Impl distant to extension
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Reconstruction Follow-up visit
Subject Age Gender Smoker Para function
Impl 
position
Diameter 
mm
Length 
mm
Impl 
position
Diameter 
mm
Length 
mm Design FDP
Observation 
Periode Days
28 34 f no no 34 4.1 10 single crown 0
29 54 m no no 46 hs 12 single crown 0
30 77 m no no 24 4.1 12 single crown 1140
31 76 m no no 15 4.1 10 single crown 1186
32 55 m no no 36 4.1 12 single crown 1287
33 56 f no no 36 4.1 10 single crown 1365
34 24 f no no 45 3.3 10 single crown 1386
35 51 f no no 36 4.8 10 single crown 1429
36 47 f no no 46 4.1 12 single crown 1535
37 51 f no no 25 3.3 8 single crown 1579
38 42 f no no 25 4.1 12 single crown 1800
39 68 f no no 25 3.3 10 single crown 1858
40 58 f no no 47 4.1 10 single crown 1879
41 25 f yes no 25 4.1 12 single crown 1888
42 35 m no no 35 3.3 12 single crown 2087
43 47 m no no 26 4.1 6 single crown 2184
44 54 f no no 15 hs 12 single crown 2264
45 42 f no no 36 hs 12 single crown 2660
46 53 m yes no 36 hs 12 single crown 2939
47 67 m no no 26 hs 10 single crown 3036
48 60 f no no 46 hs 12 single crown 3419
49 43 f yes no 15 hs 8 single crown 3606
50 71 f no no 35 4.1 12 37 3.3 10 35-x-37 1432
51 62 m no yes 45 3.3 12 47 3.3 10 44-x-47 2626
52 57 f no no 45 hs 10 47 hs 12 45-x-47 2651
53 70 f no no 45 hs 10 47 hs 10 45-x-47 4007
54 64 f no no 34 hs 10 36 hs 12 34-x-36 4339
f = female, m = male, hc = hollow cylinder, hs = hollow screw, ŅxÓ represents pontic, Ņ-Ņ indicates connector between two crowns
Table 1b. Control Group: Patient and implant characteristics as well as type of reconstruction and length of observation period
ImplantPatient
Impl mesial to pontic Impl distal to pontic
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No. % No. %
Survival 44 95.7 31 96.9
Complications 1 2.2 3 9.4
Total 46 100 32 100
Table 2. Rates for implant survival and biological complications (peri-implantitis) 
for all implants
Cantilever Group Control Group
 
 
 
 
 
 
No. % No. %
Survival 24 88.9 26 96.3
Complications 5 18.5 0 0.0
Total 27 100 27 100
Cantilever Group Control Group
Table 3. Rates for FDP survival and technical complications for all FDPs 
(complications: minor porcelain chipping, recementation)
 
 
 
 24 
